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(54) PROCESSING DEVICE FOR SAMPLE AND PROCESSING METHOD THEREFOR 

(57)Abstract: W ;t 

PROBLEM TO BE SOLVED: To solve a problem that 
input heat which changes with time cannot be extracted 
with good responsiveness and a wafer temperature 
cannot kept to be constant at the heating time of heater 
or plasma heating in conventional technology, that 
temperature distribution in a wafer face is remarkably 
deteriorated at the time of processing the wafer at the 
high temperature, or the plasma processing of good 
quality is impossible since the heating-up temperature of 
the wafer cannot be made to be sufficiently high. 
SOLUTION: In the processing device of a sample, which 
plasma-processes the sample, while the temperature of 
the sample kept by an adsorbing device is controlled, the 
adsorbing device has a holding member for holding the 
sample and a cooling member cooling the sample. A 
recessed part for forming a first heat transmission gas 
chamber part between the cooling member and the 
holding member is installed in the cooling member. A 
recessed part for forming a second heat transmission 
gas chamber part between the holding member and the sample in a state where the sample is 
kept is installed. The first or second heat transmission gas chamber part is constituted of a 
plurality of heat transmission gas chambers that can independently be pressure-controlled. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the processor of the sample characterized by having two or more heat transfer 
gas chambers where said adsorber was classified in the processor of the sample which carries 
out plasma treatment of this sample corresponding to the core and the periphery section of said 
sample, controlling the temperature of the sample held at the adsorber, and having a means to 
control the pressure of each heat transfer gas chamber independently according to the 
temperature of said sample. 

[Claim 2] The processor of the sample characterized by having a means to maintain and process 
the temperature of the core of said sample, and the periphery section in the processor of the 
sample which carries out plasma treatment of this sample from 500**50 degrees C to 700**50 
degrees C at the time of plasma treatment, controlling the temperature of the sample held at the 
adsorber. 

[Claim 3] It is the processor of the sample characterized by having an attachment component 
for said adsorber holding a sample in the processor of the sample which carries out plasma 
treatment of this sample, controlling the temperature of the sample held at the adsorber, and the 
cooling member which cools a sample through this attachment component, and forming 
independently two or more heat transfer gas chambers in which pressure control is possible 
between said attachment components and said cooling members. 

[Claim 4] It is the processor of the sample characterized by to establish the crevice for forming 
independently two or more heat-transfer gas chambers in which pressure control is possible 
between said attachment components and said samples where it has an attachment component 
for said adsorber to hold a sample in the processor of the sample which carries out plasma 
treatment of this sample, controlling the temperature of the sample held at the adsorber, and the 
cooling member to cool and said sample is held in said attachment component. 
[Claim 5] In the processor of the sample which carries out plasma treatment of this sample, 
controlling the temperature of the sample held at the adsorber said adsorber Have an 
attachment component for holding a sample, and the cooling member to cool, and the crevice for 
forming the 1st heat transfer gas chamber portion in said cooling member between this cooling 
member and said attachment component is prepared. The crevice for forming the 2nd heat 
transfer gas chamber portion between said attachment component in the condition that said 
sample was held, and said sample is established in said attachment component. The processor of 
the sample characterized by constituting independently either of the said 1st and 2nd heat 
transfer gas chamber portion from two or more heat transfer gas chambers in which pressure 
control is possible. 

[Claim 6] It is the processor of the sample characterized by performing pressure control of each 
** of said radial inside and outside so that it may have at least two ** in which said two or more 
heat transfer gas chambers were established in claim 3 thru/or either of 5 corresponding to the 
core and the periphery section of said sample and this heat deformation may be pressed down 
according to the heat deformation pattern of said attaching part. 

[Claim 7] The processor of the sample characterized by having a thermometer for measuring the 
temperature on said rear face of a sample in claims 1 and 3 thru/or either of 6 in two or more 
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locations corresponding to said two or more heat transfer gas chambers, feeding back this 
temperature value, and controlling the controlling factor of said sample temperature. 
[Claim 8] The processor of the sample characterized by for the processor of said sample 
processing a sample at an elevated temperature, having a heater in said attachment component 
in claim 1 thru/or either of 6, having the passage of a cooling medium in said cooling member, 
and using a heat-resistant elastic body for said two or more separation between gas chambers. 
[Claim 9] The processor of the sample characterized by controlling the pressure of the heat 
transfer gas between a sample and said attachment component, said heat transfer gas pressure 
between an attachment component and said cooling member, the amount of heater heating, the 
temperature of a cooling medium, and a flow rate for every each part grade as said controlling 
factor in claim 8. 

[Claim 10] The processor of the sample characterized by fixing said attachment component and 
said cooling member through an insulating material in between in claim 8. 
[Claim 11] The processor of the sample characterized by maintaining and processing the 
temperature at the time of processing in the core and the periphery section of said sample in 
claim 7 from 500**50 degrees C to 700**50 degrees C. 

[Claim 12] It is the art of the sample characterized by having two or more heat transfer gas 
chambers where said adsorber was classified in the art of the sample which carries out plasma 
treatment of this sample corresponding to the core and the periphery section of said sample, 
controlling the temperature of the sample held at the adsorber, controlling independently the 
pressure of two or more of said heat transfer gas chambers according to the temperature of said 
sample, and carrying out plasma treatment of said sample. > 
[Claim 13] The art of the sample characterized by maintaining and processing the temperature of 
the'core of said sample, and the periphery section in the art of the sample which carries out 
plasma treatment of this sample from 500**50 degrees C to 700**50 degrees C at the time of 
plasma treatment, controlling the temperature of the sample held at the adsorber, .sir 
[Claim 14] In the art of the sample which carries out plasma treatment of this sample, controlling 
the temperature of the sample held at the adsorber which has an attachment component and a 
cooling member Have the 1st heat transfer gas chamber portion between said cooling members 
and said attachment components, and it has the 2nd heat transfer gas chamber portion between 
said attachment components and said samples. At least one of said 1st heat transfer gas 
chamber portion and said the 2nd heat transfer gas chamber portion The processor of the 
sample characterized by consisting of two or more heat transfer gas chambers classified into the 
core and the periphery section of a sample, controlling independently the pressure of two or 
more of said heat transfer gas chambers, and maintaining and processing the temperature at the 
time of processing in the core and the periphery section of said sample from 500**50 degrees C 
to 700**50 degrees C. 

[Claim 15] The process which carries in a sample to a processing room by conveyance systems, 
such as a vacuum robot, and the process which carries said sample in the attachment 
component containing the heater and adsorption electrode of said processing interior of a room, 
The process which adsorbs said sample at said attachment component, and the process heated 
at the heater in said attachment component, The process which controls a pressure and supplies 
gas between said samples and said attachment components, The process which controls a 
pressure and supplies gas between the cooling member which has cooling passage, and said 
attachment component, The art of the sample characterized by including the process which 
controls temperature and a flow rate to said cooling member, and supplies a cooling medium, the 
process which makes said processing interior of a room generate the plasma, the process which 
carries out desorption of said sample from said attachment component, and the process which 
takes out said sample from said processing room. 

[Claim 16] In the art of the sample which carries out plasma treatment of this sample, controlling 
the temperature of the sample held at the adsorber which has an attachment component and a 
cooling member Have the 1st heat transfer gas chamber portion between said cooling members 
and said attachment components, and it has the 2nd heat transfer gas chamber portion between 
said attachment components and said samples. The process which consists of heat transfer gas 
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chambers of plurality at least one of said 1st heat transfer gas chamber portion and said 2nd 
heat transfer gas chamber portion, and surveys temperature of the rear face of said sample in 
two or more places, a core, the periphery section, etc., The gas pressure for every gas chamber 
of the process which detects the difference between the actual measurement of this 
temperature, and the set point, said 1st heat transfer gas chamber, and said 2nd heat transfer 
gas chamber, the amount of heating of a heater, the flow rate of a cooling medium, the art of the 
sample characterized by including the process which controls at least one of the temperature. 
[Claim 17] In the art of the sample which carries out plasma treatment of this sample, controlling 
the temperature of the sample held at the adsorber which has an attachment component and a 
cooling member Have the 1st heat transfer gas chamber portion between said cooling members 
and said attachment components, and it has the 2nd heat transfer gas chamber portion between 
said attachment components and said samples. It consists of heat transfer gas chambers of 
plurality at least one of said 1st heat transfer gas chamber portion and said 2nd heat transfer 
gas chamber portion. Said two or more heat transfer gas chambers The art of the sample 
characterized by performing pressure control of each ** of said core and periphery section so 
that it may have at least two ** prepared corresponding to the core and the periphery section of 
said sample and this heat deformation may be pressed down according to the heat deformation 
pattern of said attaching part. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the processor of samples, such as a wafer, and 
the art of a sample, and relates to semiconductor fabrication machines and equipment, such as a 
CVD system which carries the art of a sample and this by the high temperature form adsorber 
especially used for semiconductor fabrication machines and equipment, such as a CVD system, 
and this high temperature form adsorber. Of course, this invention is applicable to liquid crystal 
plasma treatment equipment, a sputtering system, etc. 
[0002] 

[Description of the Prior Art] Although HDP-CVD with few film degradation after processing and 
the numbers of processes (high density plasma CVD) attracts attention about the semi- 
conductor processor as compared with the conventional approaches (TEOS-03 CVD etc.) in 
detailed-izing in recent years and the interlayer insulation film embedding of a high aspect ratio, 
in this HDP-CVD, the thermal oxidation film and equivalent level are demanded by the user as 
membraneous quality of this interlayer insulation film. V' 

[0003] The relation between substrate temperature and membraneous quality (etching velocity 
ratio of the thermal oxidation film) is shown in drawing 16 . In order to obtain the membraneous 
quality more nearly same than this drawing as the thermal oxidation film, it turns out that 
substrate temperature must be raised to an about 600-degree C elevated temperature. 
Moreover, it is necessary to make temperature distribution into temperature-distribution within 
the limits needed from membraneous distribution in a wafer side. 

[0004] To the above-mentioned demand, the approach actually performed conventionally carries 
out near the high vacuum, carries out the heat insulation of the helium pressure between an 
electrostatic chuck and a wafer, and carries out a temperature up. However, there is heat recess 
by heat conduction etc. in the heat recess by the thermal radiation to a perimeter, and the 
contact section with other members, temperature cannot fully be raised by this approach, and 
there is a trouble that temperature distribution deteriorate remarkably, at the time of a hot 
temperature up. 

[0005] Here, the outline structure and the trouble of the conventional technique for controlling 
wafer skin temperature are described. 

[0006] First, the structure of having the combination of the fiber made from heat-resisting 
material or the mediation layer of foam between the semi-conductor wafer attachment 
component which embedded the heater at the nitride-ceramics base material, and a metal 
cooling system is indicated by JP,9-1 7849,A. 

[0007] Moreover, what has a heater and cooling piping in a high temperature form adsorber on a 
wafer stage is indicated by JP.10-64985A That is, if it has a heater in an attachment 
component and the temperature up of the attachment component is carried out now, the 
structure which unifies the cooling section which carries out cooling of the part for the heat 
input from the plasma to coincidence is indicated. 

[0008] A thing given in above-mentioned JP.9-1 7849.A has the following trouble, and it is 
thought that temperature control cannot be carried out to constant-temperature within the 
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limits at the time of a plasma heat input. 

(1) Although it is the structure of applying a pressure to cooling for a heat input from the plasma 
which changes by time amount at the above-mentioned mediation layer, and adjusting the 
amount of heat transfers between an attachment component and a cooling system, it is quite 
difficult to actually correspond to the plasma heat gain which changes every moment, and to 
change the pressure of inclusion. 

(2) When it becomes the high-power consistency by which the power density on a wafer side like 
HDP-CVD attains to 10 W/Cm2, it is actually quite difficult to perform cooling enough with 
structure which applies and carries out cooling of the pressure to the above mediation layers. 
[0009] Next, a thing given in JP,10-64985,A is considered that wafer skin temperature is 
uncontrollable to constant-temperature within the limits by the following trouble the same way 
at the time of a plasma heat input. 

[0010] (1) When making wafer processing temperature into hundreds of degrees C, even if the 
wall surface of cooling piping is the case where a big temperature gradient is given by metal 
JAKKETTO, it will exceed about 200 degrees C, for example. It does not evaporate at such an 
elevated temperature, either, but it is cheap and, as for the cooling-medium kind which can be 
used for insurance at semiconductor fabrication machines and equipment, a number is restricted 
considerably. 

(2) Although there is the need of enlarging heat transfer area enough since the sufficiently large 
heat transfer coefficient in a wall surface cannot be taken to fully carry out cooling when the 
heat input power density to a wafer reaches about two 1 0 W/Cm big power density like HDP- 
CVD with the above-mentioned cooling medium, there is a problem which cannot take the 
cooling effect enough from a limit of the area of a cooling jacket actually. 

(3) When carrying out heating at high temperature of the electrostatic chuck, in order to 
suppress heat deformation of the electrostatic chuck itself within an allowed value, there is the 
need of giving rigidity enough to a metal jacket, and it is necessary to manufacture thickness 
sufficiently greatly. For this reason, there are troubles — : the electrostatic chuck itself becomes 
heavy and maintenance nature worsens. 

(4) under the plasma treatment from which a heat gain is alike every moment, and changes — 
setting — the increment in a heat input, and a decrement — responding — When ******(ing) or 
cooling, since the heat capacity of an electrostatic adsorber is large, responsibility is good, and in 
order to carry out temperature within a certain fixed limits, the refrigeration unit which has the 
heater or refrigeration capacity which has quite big heating capacity is required, and is not 
realistic. 

[0011] That by which the space for introducing gas also between an electrode and a sample base 
was established in Fig. 7 of JP,2-135753,A on the other hand while the space for introducing gas 
was formed between the sample and the electrode is indicated. 

[0012] The thing of a publication also has the same trouble as the above in this official report, 
and it is thought that temperature control cannot be carried out to constant-temperature within 
the limits at the time of a plasma heat input. 
[0013] 

[Problem(s) to be Solved by the Invention] Although the trouble of the conventional technique is 
as having described above, the following of the main point is carried out. 

(1) the heat gain which changes every moment at the time of heater heating and a plasma heat 
input — corresponding — between an attachment component and a cooling system — the 
amount of heat transfers cannot be changed with responsibility sufficient enough, and the 
homogeneity of skin temperature distribution of a wafer deteriorates. 

(2) When whenever [ stoving temperature / of a wafer attachment component ] exceeds about 
300 degrees C, since there is no **, the wall surface of a cooling member exceeds 200 degrees 
C by giving a sufficiently big temperature gradient to an attachment component and a cooling 
member. There are quite few cooling-medium kinds which can obtain insurance and cheap and 
sufficient cooling engine performance on such conditions. 

(3) In the case where wafer processing temperature exceeds about 300 degrees C, when there is 
a big heat input from which power density like HDP-CVD becomes about two 10 W/Cm, it 
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cannot have refrigeration capacity sufficient with the cooling medium which can be used, but the 
homogeneity of skin temperature distribution of a wafer deteriorates. 

(4) Although it is necessary to enlarge rigidity for the cooling section enough in order to 
suppress heat deformation of an electrostatic chuck in an allowed value, a cooling plate becomes 
heavy by this and there is a problem on which maintenance nature deteriorates remarkably. 

(5) Since the heat capacity of an electrostatic adsorber is large, corresponding to the plasma 
heat input which changes every moment, responsibility is good, the refrigeration unit which has 
quite big heater or refrigeration capacity for controlling temperature of an electrostatic adsorber 
is required for a certain temperature requirement, and it becomes enlargement of equipment, and 
a cost rise. 

[0014] This invention cancels the temperature heterogeneity on the front face of a sample which 
produces homogeneous degradation of membraneous quality in consideration of each above- 
mentioned matter, and aims at offering the good homogeneous high processed sample of 
membraneous quality. 
[0015] 

[Means for Solving the Problem] In the processor of the sample which carries out plasma 
treatment of this sample, said adsorber is characterized by to have two or more heat transfer 
gas chambers classified corresponding to the core and the periphery section of said sample, and 
to have a means to control the pressure of each heat transfer gas chamber independently 
according to the temperature of said sample, this invention controlling the temperature of the 
sample held at the adsorber in order to solve the above-mentioned technical problem. 
[0016] Other descriptions of this invention are in the processor of the sample which carries out 
plasma treatment of this sample to have had a means to maintain and process the temperature 
of the core of said sample, and the periphery section from 500**50 degrees C to 700**50 
degrees C at the time of plasma treatment, controlling the temperature of the sample held at the 
adsorber. • rb 

[001 7] Controlling the temperature of the sample held at the adsorber, in the processor of the 
sample which carries out plasma treatment of this sample, said adsorber has an attachment 
component for holding a sample, and the cooling member which cools a sample through this 
attachment component, and other descriptions of this invention are to have formed ■ 
independently two or more heat transfer gas chambers in which pressure control is possible 
between said attachment components and said cooling members. 

[0018] Said adsorber has an attachment component for holding a sample, and the cooling 
member to cool, and other descriptions of this invention are in the processor of the sample 
which carries out plasma treatment of this sample to have established the crevice for forming 
independently two or more heat-transfer gas chambers in which pressure control is possible 
between said attachment components and said samples, where said sample is held in said 
attachment component, controlling the temperature of the sample held at the adsorber. 
[0019] In the processor of the sample other descriptions of this invention carry out plasma 
treatment of this sample, controlling the temperature of the sample held at the adsorber said 
adsorber Have an attachment component for holding a sample, and the cooling member to cool, 
and the crevice for forming the 1st heat transfer gas chamber portion in said cooling member 
between this cooling member and said attachment component is prepared. The crevice for 
forming the 2nd heat transfer gas chamber portion between said attachment component in the 
condition that said sample was held, and said sample is established in said attachment 
component, and it is in having constituted independently either of the said 1st and 2nd heat 
transfer gas chamber portion from two or more heat transfer gas chambers in which pressure 
control is possible. 

[0020] Said two or more heat transfer gas chambers have at least two ** prepared 
corresponding to the core and the periphery section of said sample, and other descriptions of 
this invention are to perform pressure control of each ** of said radial inside and outside 
according to the heat deformation pattern of said attaching part, so that this heat deformation 
may be pressed down. 

[0021] Said adsorber is in the art of the sample which carries out plasma treatment of this 
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sample to have two or more heat transfer gas chambers classified corresponding to the core and 
the periphery section of said sample, control independently the pressure of two or more of said 
heat transfer gas chambers according to the temperature of said sample, and carry out plasma 
treatment of said sample, other descriptions of this invention controlling the temperature of the 
sample held at the adsorber. 

[0022] According to this invention, it becomes possible to maintain the homogeneity of 
temperature distribution and to carry out plasma treatment of the sample at an elevated 
temperature, and a quality processed sample can be offered. 

[0023] It is as follows when the more concrete descriptions of this invention are enumerated. 

(1) The heat transfer gas chamber was prepared between the attachment component, wafer 
flesh-side face-to-face and an attachment component, and the cooling member. Moreover, the 
gas chamber was divided into two or more parts. For example, it separated into two places like a 
wafer core and the periphery section. 

(2) The elastic bodies (for example, Viton O ring etc.) which have thermal resistance were used 
between the attachment component and the cooling member for the above-mentioned gas 
chamber separation. Moreover, in consideration of the heat deformation at the time of heating of 
the attachment component containing the electrostatic chuck which built in the heater, in 
consideration of the size of the sealant which can hold a seal, it considered as the channel depth 
and O ring maintenance structure of an O ring so that after heat deformation could maintain 
helium gas pressure. 

(3) The thermometer for measuring the temperature on the rear face of a wafer for every each 
part grade has been arranged, the difference between a wafer thermometry value and desired 
value was detected, and it controlled independently using the controller which controls a 

. controlling factor. 

v(4) As the above-mentioned controlling factor, helium gas pressure between a; wafer rear face ~ 
and an attachment component front face and between an attachment component and a cooling. 

i member, the amount of heater heating, the temperature of a cooling medium, aind a flow rate - 
were changed. : * : 

(5) In order to control heat recess, the heat insulating material has been arranged to the contact 
surface of an attachment component and a cooling member. 

(6) In order to make small the touch area of the above and a heat insulating material, it was 
lightweight and honeycomb structure with reinforcement etc. was used. 

[0024] (1) According to this invention, it becomes possible by adopting the above-mentioned 
description (1) to change freely the heat transfer coefficient between an attachment component 
and a cooling member with sufficient responsibility with the pressure of heat transfer gas, and to 
acquire the about one heat transfer effectiveness for a divisor of compulsion water cooling from 
a full heat insulation condition by that of ****. 

(2) Since a heat transfer gas chamber is separable for every each part grade which is degrading 
the temperature homogeneity on a wafer side by adopting the above-mentioned description (1), 
temperature control becomes possible independently for every each part grade, and it becomes 
possible to raise the temperature homogeneity of a wafer. 

(3) Since the gas leak between the heat transfer gas chambers by heat deformation of a wafer 
attaching part can be prevented and a heat transfer gas chamber can be separated by using a 
heat-resistant elastic body for separation of a heat transfer gas chamber by adopting the 
above-mentioned description (2), temperature control becomes possible independently for every 
each part grade, and it becomes possible to raise the temperature homogeneity of a wafer. 

(4) By adopting the above-mentioned description (3), it is feed so that the temperature may be 
measured for every each part grade and it may become desired value. Since it can back, wafer 
skin temperature distribution can be equalized for every each part grade. 

(5) By adopting the above-mentioned description (4), it becomes possible by controlling at least 
one controlling factor of helium gas pressure between a wafer rear face and an attachment 
component front face and between an attachment component and a cooling member, the amount 
of heater heating, the temperature of a cooling medium, and a flow rate to raise the temperature 
homogeneity of a wafer. 
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(6) By adopting the above-mentioned description (5), it becomes possible to prevent the heat 
recess produced in the contact surface between an attachment component and a cooling 
member, and to raise the temperature homogeneity of a wafer. 

(7) By adopting the above-mentioned description (6), it becomes possible to prevent the heat 
recess in the contact surface between an attachment component and a cooling member, and to 
raise the temperature homogeneity of a wafer. 

[0025] In addition, this invention is not only wafers, such as a semi-conductor, but a liquid 
crystal manufacturing installation, a plasma etching system, and a spatter. ** It is applicable to 
** etc. 
[0026] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained. Drawing 1 is 
the schematic diagram of the plasma treatment equipment in which the 1st example of this 
invention is shown, and drawing 2 is each top view of an attachment component and a cooling 
member in the example of drawing 1 . Hereafter, plasma-CVD equipment is made into an example 
and explained. Plasma-CVD equipment is equipped with the reaction chamber 26, mu wave 
waveguide 27 which introduces the mu wave 29 in this reaction chamber 26, the permanent 
magnet 30 arranged around mu wave transparency aperture 28, and the nozzle 33 which supplies 
raw gas in a reaction chamber 26. Moreover, it has the high temperature form electrostatic 
chuck 4 formed by the attachment component 2 and the cooling member 3. Electrostatic 
adsorption of the processing object of a sample, i.e., wafer 1 grade, is carried out by the high 
temperature form electrostatic chuck 4 at the time of processing. 

[0027] As for the electrostatic chuck member 5, the irregularity of hundreds of micrometers is 
processed into irregularity from 10 micrometers of height numbers in the front face by the side 
of a wafer side. As shown in drawing 2 , annular soil hand part 2D was formed in the periphery 
edge ofithe electrostatic chuck member 5, and the amount of helium gas leaks from therl* * 
periphery side is restricted. Moreover, by two inside soil hand parts, an electrostatic chuck front 
face is divided into three places (2A-2C), and the slit of small width of face is prepared in/ each 
soil hand part. i ■ d r - 

[0028] Inside the attachment component 2, two adsorption electrodes 7 for forward and ^negative 
are included. The electrical potential difference of positive/negative is impressed to thexi 
adsorption electrode 7 by the direct-current bias power supply which is not illustrated. The 
electrostatic chuck section support plate 6 contains the heater 8, and carries out the 
temperature up of the electrostatic chuck member 5 to constant temperature into fixed time 
amount. The electrostatic chuck member 5 and the electrostatic chuck section support plate 6 
curse In etc., or are joined by metal junction etc. Technique, like in order that the electrostatic 
chuck member 5 and the electrostatic chuck section support plate 6 may control the heat 
deformation at the time of heating, they double a coefficient of thermal expansion by a certain 
within the limits, or sandwich an inclination ingredient in between may be taken. 
[0029] In the interior of the cooling member 3, the cooling passage 11 for cooling-medium 10 and 
the passage 12 for helium gas are located. 

[0030] In the top face of the cooling member 3, i.e., the field by the side of an attachment 
component 2, as shown in drawing 2 , two space 1 3A and 1 3B for heat transfer gas chambers is 
established, and the elastic body (for example, Viton O ring) 14 with high thermal resistance is 
used for a partition of each space 13A and 13B for heat transfer gas chambers. Moreover, O ring 
15 is arranged in the periphery section of the cooling member 3, propagation and the amount of 
heliums to leak are lost for the clearance between an attachment component 2 and the cooling 
member 3, and the homogeneity of wafer temperature is raised. Although the top face of the 
cooling member 3 is [ only being divided within and without / two / radial, and ] in the example of 
drawing 1 and drawing 2 , it is also possible to separate and form the space for heat transfer gas 
chambers in several places. A gas chamber 1 3 is formed of these space for heat transfer gas 
chambers and inferior surfaces of tongue of an attachment component 2. It is more 
advantageous to carry out separation formation of the heat transfer gas chamber 13 at plurality, 
in order to raise the homogeneity of temperature distribution more. Moreover, in what has the 
large path of a sample, or it divides radial into three places, in addition to radial, it may divide 
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also into a circumferencial direction at plurality, and two or more heat transfer gas chambers in 
which pressure control is possible may be prepared. 

[0031] On both sides of insulating material 17a and b, it fixes with a screw etc. for the heat 
insulation of an attachment component 2 and the cooling member 3. The insulating material 18 is 
inserted for the insulation with the high temperature form electrostatic chuck 4 and the support 
plate 20 for high temperature form electrostatic chucks. This is used for a high frequency 
insulation when high frequency is impressed to the high temperature form electrostatic chuck 4, 
and in case high frequency is impressed to RF electrode which is not illustrated to an 
electrostatic chuck member, and ingredients, such as Teflon (trademark) and an alumina, are 
used. 

[0032] 1 6 is a fiber-optic thermometer probe and measures the temperature on the rear face of 
a wafer wafer. The path of the heat transfer gas supplied to the space of the space 2A-2C on 
the rear face of a wafer wafer using the hole of this probe part may be formed. Moreover, the 
path of a wafer rise-and-fall pin may be formed. In the metal side of the high temperature form 
electrostatic chuck 4, covering 25 is arranged so that the metal contamination by the spatter 
may not be generated. 

[0033] The following of the reason which divided the above-mentioned heat transfer gas 
chamber 1 3 into two or more parts by this invention is carried out. helium gas pressure and heat 
transfer charge of the gas interior of a room The relation of Number alpha comes to be shown in 
drawing 3 , when [ parallel ] monotonous. When processing a wafer at about 200 degrees C - 
about 700 degrees C (the temperature gradient in an attachment component is also included), 
and a high-power consistency (for example, 10 W/Cm2) like HDP-CVD is considered and it 
takes into consideration that it is the extent need more than a maximum of 1000 W/Cm2 and K 
as alpha, and the maximum adsorption power of an electrostatic chuck is usually 20Torr extent, 
it turns out that the thickness of the gas reservoir of required helium serves as about 50 : ^ 
micrometers and very small width of face. ? < an. 

[0034] When there is a plasma heat input at the time of heating at a heater, an attaching partita 
changes to a concavo-convex configuration intricately with time amount by the heat input zc 
pattern. There^are the convex type and concave which show the pattern of the heat deformation 
at the time of a plasma heat input etc. to drawing 4 at the time of heater heating of an attaching 
part. Although this heat deformation is influenced of a plasma heat gain, the configuration of an 
attachment component, the quality of the material, the fixed approach, etc., it reaches the 
maximum number of about 10 micrometers. It turns out that this can be disregarded as 
compared with above-mentioned helium gas chamber height of 50 micrometers, and there is 
nothing. 

[0035] This is explained using drawing 5 . For example, helium ** sets to 20Torr(s). Although 
helium gas chamber height H was 50 micrometers at first, suppose that it deformed into the 
convex type shown in drawing 4 , and the height of a core became small and was set to 20 
micrometers according to heat deformation of an attachment component, alpha at this time is 
alpha= about 1 100w/Cm2andK (H= 50 micrometers). 
alpha= about 1 350w/Cm2andK (H= 30 micrometers) 
It changes a lot. 

[0036] When plasma heat input power density is made into 10 W/Cm2, the temperature rise 
value in Above alpha is delta T=91deg (H= 50 micrometers) respectively. 
deltaT=74deg (H= 30 micrometers) 

A temperature gradient becomes 91-74=17deg in a next door, a core, the periphery section from 
which the height of helium gas chamber does not change, and a core. That is, if a gas chamber is 
formed by one, a big difference will be produced in the cooling effect according to the heat 
deformation which cannot disregard an attachment component, and the temperature distribution 
on the front face of a wafer will be degraded remarkably. 

[0037] The configuration of the temperature rise value in the deformation pattern of each 
attaching part is respectively shown in drawin g 6 . It turns out by whether a heat deformation 
pattern serves as concave or it becomes a convex that distribution of a temperature rise value 
will become the opposite if other factors are disregarded. 
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[0038] The temperature distribution on the front face of a wafer are mainly influenced of the 
following. 

(1) plasma density distribution (2) which is a source of heating distribution (3) of the calorific 
value of the heater which is a source of heating attachment component front face and wafer 
flesh-side face-to-face helium gas pressure distribution (4) heat recess (5) by contact in 
attachment component and the cooling section Coolant gas pressure distribution between 
attachment component and a cooling room (6) Heat recess between a cooling room and a cooling 
room stationary plate (7) Thermal radiation to a perimeter chamber internal surface (8) Heat 
recess to electrostatic chuck covering in an attachment component (9) The amount distribution 
of cooling on a cooling way etc., If there are very many affectors and it becomes an elevated 
temperature, it will become very difficult to equalize especially temperature distribution. 
Moreover, it is desirable to use the controlling factor in the location possible nearest to the 
wafer rear face used as a controlled system from the point of temperature control responsibility. 

[0039] Explanation of the example of this invention is continued below. In drawing 1 , it 
introduces with mu wave waveguide 27 from reaction chamber 26 wall surface. This mu wave 29 
is introduced from mu wave transparency aperture 28, the ECR resonance by the permanent 
magnet 30 arranged around mu wave transparency aperture 28 is used, a high energy electron is 
generated, the raw gas supplied from the nozzle 33 of a nozzle ring 32 is dissociated and ionized, 
and the plasma 34 is generated. A cusp field 35 is formed with the top plate of a reaction 
chamber 26, and the permanent magnet 30 arranged on the side attachment wall, and the plasma 
34 is shut up. 

[0040] In order to equalize distribution of **** and helium gas pressure for heat insulators, such 
as an alumina, for the heat insulation in the contact section of an attaching part and the cooling 
section, an O ring is fixed through insulating materials 17a and 17b. Thereby, the amount of heat 
recess can be held down to minimum.,; 

[0041] Or in order to s reduce the touch area of an attachment component and a {cooling member, 
it is also possible to consider as a honeycomb structure object as shows a heat; insulator to 
drawing 7 . 

[0042] The fiber-optic thermometer probe 16 is connected to Controllers 41 A and 41 B through 
the introductory terminal flange 40. This temperature reading value goes into the feedback 
circuit 42 where the relational data of helium gas pressure and a coefficient of heat-transfer 
alpha was inputted. Next, from the above-mentioned input data, fluctuated parts delta P1 and 
delta P2 of helium gas pressure are inputted into helium gas pressure controller 43, and change 
setting helium gas pressure, helium gas pressure controller 43 consists of mass flow 44 and a 
pressure gage 45. helium gas is supplied through the regulator and hand valve 46 which are not 
illustrated from a chemical cylinder 47. The following explains the temperature control approach 
in detail. 

[0043] For example, in a certain process, the case where an attaching part deforms into the 
configuration of a convex according to heat deformation is considered. The plasma heat input at 
this time, change (core) of helium gas chamber height H, a wafer temperature change (core), and 
change of helium pressure are shown in drawing 8 . The heat deformation by the plasma heat 
input becomes larger as shown in drawing 8 . 

[0044] since a heat transfer coefficient alpha becomes small because helium gas chamber height 
H changes as shown in drawing 9 (alphal ->alpha2) — wafer temperature — going up — just — 
being alike — it goes up out of tolerance. 

[0045] The comparison operation of the comparison with the measured value from a fiber-optic 
thermometer and a temperature value to control is carried out by the feedback control shown in 
step 102 of drawing 10 , when measured value is not a specification value in the comparison of 
step 104, helium gas pressure is changed to P2 from P1 from the relation shown in drawing 9 at 
step 106, and helium gas pressure set point to control to a massflow controller is inputted. 
[0046] Thereby, wafer temperature changes, as shown in drawing 8 . It becomes possible to 
carry out temperature control of the wafer core temperature into a certain tolerance by the 
above-mentioned configuration. The wafer periphery section controls temperature independently 
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similarly. 

[0047] An example of procedure in the case of carrying out membrane formation processing by 
plasma CVD to a wafer 1 with the semi-conductor processor shown in the above-mentioned 
example at drawing 1 1 is shown. Drawing 1 1 shows time amount change of the heater output Q1, 
the gas pressure P1 between attachment component - cooling members (core), the gas pressure 
P2 between attachment component - cooling members (periphery section), the gas pressure P3 
between a wafer - an attachment component, the plasma heat input Q2, the skin temperature T1 
of an attachment component, and the wafer temperature T2. The axis of abscissa of each graph 
shows time amount. If it is in the same location by the axis of abscissa, the same time amount is 
shown. 

[0048] (a) Make P1 and P2 into about zero pressure value before [ tO ] the plasma treatment of 
the 1st wafer - between tl. By energizing at the heater 8 of an attachment component 2 by t1, 
generation of heat of Q1 is produced and an attachment component is heated. At this time, PI 
and P2 are heat insulation respectively for about zero, and since heat does not escape to a 
cooling member, a temperature up can be efficiently carried out in the shortest time amount to 
desired temperature at a heater. A wafer is moved to right above [ of an attachment component 
2 ] by a vacuum robot etc. by t2, and a wafer 1 is carried on an attachment component 2 by the 
wafer rise-and-fall pin which is not illustrated. Next, the seal of approval of the electrical 
potential difference of plus or minus is carried out to the adsorption electrode 7, and a wafer 1 is 
adsorbed. By t3, a certain pressure is maintained at the gas chamber between a wafer - an 
attachment component, and gas is introduced into it. The temperature up of the wafer is carried 
out to the heated attachment component by contact heat transfer, and it carries out a 
temperature up by gas heat transfer by t3 t2-t3. Since the heat transfer effectiveness increases 
remarkably as compared with contact heat transfer in the case of gas heat transfer, a wafer 
temperature change is large* and carries out a temperature up by short time amount. The output 
of a heater is made small in t4, and it is made 0. Along with this, the skin temperature T1 of an 
attachment component and the wafer temperature T2 become low, as shown in drawing 1 1 . 
[0049]. (b) Carry out plasma ignition at the plasma treatment t5 of the 1st wafer. The heat gain 
to a wafer 1 shows the case of being large in the core to drawing 1 1 , as compared with the 
periphery section. In order to keep constant the temperature of an about [ each part of the front 
face of a wafer ], as shown in drawing 8 , gas pressure is changed in each heat transfer gas 
chamber. In this case, as compared with the core of a wafer, gas pressure of the periphery 
section is made low, the heat transfer coefficient by gas is reduced, as compared with a core, a 
temperature rise value is enlarged for the temperature of a wafer 1 in the periphery section, 
temperature on a wafer side is made high, and the homogeneity of the temperature distribution 
within the wafer side at the time of a plasma heat input is raised. On the contrary, the periphery 
section makes relation of gas pressure reverse, when a heat gain is large as compared with a 
core. Membrane formation gas is introduced into the processing interior of a room after plasma 
ignition, and the thin film of an oxidation quartz is made to form on the 1 st page of a wafer by 
the chemical reaction. The plasma is extinguished to t6. This is performed by stopping 
installation of mu wave power, RF power, and membrane formation gas. Thereby, the plasma heat 
input Q2 decreases, as shown in drawing 1 1 , it decreases P1, P2, and P3 along with this, and is 
set to 0. A wafer is lifted by the wafer rise-and-fall pin which does not illustrate a wafer to t7, 
and a wafer 1 is taken out from a processing room with a vacuum robot. 
[0050] (C) Carry in a wafer 1 by the same approach as the above before [ t7 ] the plasma 
treatment of the 2nd wafer - between t1\ Since the temperature up of heater output QT has 
already been carried out to a certain constant temperature unlike processing of the first wafer, a 
value smaller than Q1 is enough. 

[0051] (d) Since it is the same as that of the first plasma treatment of the 2nd wafer, omit 
explanation. 

[0052] Although the above is controlling each two or more gas chamber formed with a wafer 1 in 
the gas pressure between a wafer 1 - an attachment component 2 by the same pressure, it 
makes gas pressure between attachment component - cooling members regularity (gas pressure 
is set constant in a core and the periphery section.) for every gas chamber, and it is the gas 
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pressure between a wafer - an attachment component. The same effectiveness is acquired even 
if it makes it change for every gas chamber. Moreover, the wafer temperature from each part 
grade is fed back for the calorific value of the heater 8 of not the gas pressure P1, P2, and P3 
shown in drawing 1 1 but a core, and the periphery section, and the same effectiveness can be 
acquired even if it changes calorific value. Moreover, the same effectiveness as the above is 
acquired even if it changes the temperature of a cooling medium 10, and a flow rate. 
[0053] At the temperature of a cooling medium 10, the direct control of the temperature 
distribution of the cooling member 3 can be carried out, and the cooling effect can be changed 
by the cooling flow rate, the film temperature in cooling passage is changed, by that of 
similarly the temperature distribution in a cooling member are changed, and things become 
possible. 

[0054] After all, even when gas pressure P1, P2, and P3 is fixed, it becomes possible to control 
wafer temperature distribution in a certain constant value as well as the above. However, a 
control rate has [ the case where the gas pressure of a wafer 1 and an attachment component 2 
is changed for every each part grade ] the controllability best when it thinks from the 
responsibility of control early. 

[0055] Although Q1, P1, P2, P3, and Q2 grade which are shown in drawing 1 1 are set and serve 
as constant value after a certain fixed time amount in drawing 1 1 , you may make it change for 
every time amount. Especially P1 and P2 are good for a plasma heat input to make it change in 
the common heat input pattern which changes every moment. 

[0056] Moreover, in drawing 1 1 , although it has become since a heater output is set to 0, a 
heater may perform pressure-up initiation of gas pressure P1 and P2 from the time of ON. Gas 
pressure P3 may be performed after a heater output serves as OFF. 

[0057] Although drawing 1 1 does not show an example and does not indicate it one by one here, 
it has various deformation. - ■ ? < - 

[0058] Another example of this invention is shown in drawing 12 . The difference with drawing 1 
divides helium gas pressure between an attachment component 2 and a wafer 1 into a core/ the 
periphery section, or the independent part beyond it (two or more heat transfer gas chambers), 
and form in the interior of an attachment component 2 the path of the heat transfer gas which is 
not illustrated, each heat transfer gas chamber is made open for free passage, and it changes 
helium gas pressure in the core and the periphery section on the rear face of a wafer. Separation 
of the part of a gas chamber is formed by the concave of an electrostatic chuck front face, and 
the convex (slot). 

[0059] This structural drawing is shown in drawing 13 . As shown in drawing 13 , form the soil 
hand part 200 in the pars intermedia of an attachment component 2, arrange adsorption 
electrode 7b under the soil hand part 200, it is made to become independent of other adsorption 
electrode 7a, bigger bias voltage than other adsorption electrodes is impressed, a wafer is 
adsorbed, and at least each part is reducing the amount of helium gas leaks of a between. 
Although the soil hand part 200 separated ** of an electrostatic chuck front face only into two 
places in drawing 13 , there may be how many of these. Moreover, the slit of small width of face 
may be prepared in a soil hand part. However, let slit width be what has small extent which can 
control a pressure independently at every [ which carries processing objects, such as a wafer, 
and is formed ] each part grade (heat transfer gas chamber). 

[0060] Here, the above, a wafer 1 , and the pattern that prepares two or more heat transfer gas 
chambers in the space of the front face of an attachment component 2 are set to A, and the 
pattern which prepares two or more heat transfer gas chambers in the space of an attachment 
component 2 and the cooling member 3 is set to B. 

[0061] What is necessary is just to adopt the above or Patterns A and B at least, in order to 
raise temperature homogeneity and to process a wafer 1 . Since the detection temperature used 
as a controlled system increases when both patterns A and B are adopted, it is desirable for 
problems, like control is difficult to occur and to adopt only patterns A or B. 
[0062] Another example of this invention is shown in drawing 14 . The difference with drawing 1 
changes the calorific value of a heater to the temperature control of a wafer for every part. For 
example, at drawing 14 , it forms by core heater 8b and heater 8a of the periphery section. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran.web_cgLejje 



2006/06/21 



JP,2002-009064 f A [DETAILED DESCRIPTION] 



10/10 s<—is 



Heaters 8a and 8b are turned off with a changeover switch 57 at the time of RF impression. The 
difference in in the indicated value of the temperature measurement controller 41 and desired 
value which measure the temperature of a wafer rear face is detected in a feedback circuit 42, 
and the set point of the power conditioners 56A and 56B of a heater is changed. 
[0063] Another example of this invention is shown in drawing 1 5 . The difference with drawing 1 
changes the temperature of cooling water, and a flow rate to the temperature control of a wafer 
for every part. In drawing 1 5 , it forms in the cooling water way of a core and the periphery 
section. The difference between the indicated value of the temperature measurement controller 
41 and desired value is detected in a feedback circuit 42, and the temperature set point of the 
cooling water of the chiller 58 which has cooling and a heating function, and a flow rate are 
changed. A flow rate is changed, the heat transfer coefficient alpha in the wall surface of cooling 
passage is changed, and the temperature gradient in a wall surface is controlled. However, since 
the heat capacity of the cooling medium in a chiller is large, compared with what used the heater, 
responsibility is bad. 
[0064] 

[Effect of the Invention] According to this invention, it becomes possible to maintain the 
homogeneity of temperature distribution and to carry out plasma treatment of the sample at an 
elevated temperature, and a quality processed sample can be offered. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional side elevation of the semi-conductor processor in which the 1st 
example of this invention is shown. 

[Drawing 2] It is each top view of an attachment component and a cooling member in the 
example of drawing 1 . 

[Drawing 3] It is drawing showing the relation between helium gas pressure and a heat transfer 
coefficient. 

[Drawing 4] It is drawing showing deformation of the attachment component at the time of a 
plasma heat input. 

[Drawing 5] It is drawing showing the relation between helium gas pressure when the thickness 
of helium gas reservoir changes, and a heat transfer coefficient. 

[Drawing 6] It is drawing showing the wafer temperature rise distribution by heat deformation of 
an attachment component. 

[Drawing 7] It is drawing showing the structure of the insulating material inserted between an 
attachment component and a cooling member. 

[Drawing 8] It is drawing showing deformation of the attachment component at the time of 
plasma treatment, and a temperature change. 

[Drawing 9] It is drawing showing the relation between helium gas pressure when the thickness 
of helium gas reservoir changes, and a heat transfer coefficient. 
[Drawing 10] It is drawing showing a temperature control flow. 

[Drawing 1 1] It is the chart Fig. showing the example of a processing flow of the semi-conductor 
processor shown in the 1st example of this invention. 

[Drawing 12] It is the sectional side elevation of the semi-conductor processor in which the 2nd 
example of this invention is shown. 

[Drawing 13] It is drawing showing the side cross section of the electrostatic chuck section. 
[Drawing 14] It is the sectional side elevation of the semi-conductor processor in which the 3rd 
example of this invention is shown. 

[Drawing 15] It is the sectional side elevation of the semi-conductor processor in which the 4th 
example of this invention is shown. 

[Drawing 16] It is drawing showing the relation between wafer temperature and membraneous 
quality. 

[Description of Notations] 

1 — Wafer 2 [ — High-temperature-service adsorber, ] — An attachment component, 3 — A 
cooling member, 4 5 — An electrostatic chuck member, 6 — An electrostatic chuck member 
support plate, 7a, 7b — Adsorption electrode, 8a [ — Cooling passage, ] — A periphery heater, 
8b — A core heater, 10 — A cooling medium, 11 12 [ — O ring, ] — helium gas passageway, 13 
— helium gas chamber, 14 — An O ring, 10-15 16 — A fiber-optic thermometer probe, 17a, b — 
insulating material, 18 — Insulating material, 20 [ — mu wave waveguide, ] — A high- 
temperature-service electrostatic adsorber support plate, 21 — An insulating material, 26 — A 
reaction chamber, 27 28 [ — Nozzle, ] — mu wave transparency aperture, 29 — mu wave, a 
permanent magnet, 32 — A nozzle ring, 33 34 [ — Flange, ] — The plasma, 35 — A cusp field, 
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36 — Line of magnetic force, 37 38 — An exhaust air hole, 40 — A terminal installation flange, 
41 — Temperature measurement controller, 42 — A feedback circuit, 43 — A pressure 
controller, 44 — Mass flow, 45 [ — A main valve, 51 / — A turbo molecular pump, 52 / — A dry 
pump, 55 / — Plasma heat input / 56 / — Chiller / — A power conditioner, 57 — A switch, 58 ] 
— A manometer, 46 — A hand valve, 47 — The gas for cooling, 50 



[Translation done.] 
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K*4fl)+'C>a5fccfet;^JlSB-C5 0 0±5 0°CAm?,7 0 0 
± 5 0°Clcjtfc LTBS-f -5 d <t £ 4#B£ f -&K*4©B 

2] BattBI=Bft£*tfeKaaaB£BB 

loo. rhbst w inmT*vm<D*kmjsmzt$i\ 

BEBBBBI*. BESS^^'bBtMSBl-ttlSL-C 

B#**ifc**a>eiM , ji**a*.-cisy. 

BEK*4©Sg(::i£CTBEi£3a©£B* - xa©E*>£ 
B3tl=B»LT. BEK»*rW7»a-i-4wi:*«B 

&-r<&KBo>&a;&&. 

[W#B1 3] BBBBKBBStLfcKBroaafcBB 

loo, RK»sr 5r 7«aa-r*K«©«4a*ai=j3L^ 

7' 5X' 7«QSB#I_. l!9Eia^<D*to§Bfc,J:imjagp<D;g£ 
S5 0 0±5 0°C*Nt.7 0 0±5 0°CI-lt^ LTittS-T 
* ^ t % BB£ f •S14*4<J5«iS?3 a. 

«^*tlf=K*4<DSS$$i|ffllLoo. ttKtt£7 7 ;i'?a 

WE^aiSBtti:lllIEfill*fi|5*tt<DlH(zmi OBBi'xB 

**«6«**L. S5EB1 <D<£»*"xB8Pao:S5Ea2(D 
SB** *B8P<0iKe < 1 ol*. KWaxtnOBt^S 
Bf=Bti-$tife«B4X£»** xB-C«B**i.Tfey, 

ntrEB»©eB**xBa>E**BStic«iiffliLT. «asB# 
<7);SS$fiEK#4fl)*'OSlii3<fci;M-)ig|J-i? 5 o o ± 5 o 
°ca^ p, 7 o o ± 5 o°ci=^ l xmmr -5 C t ZftWlt 
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eR©mfc£$^f=£t#8B«l-lSB-tSxfl±:. «NEtt 
*£ffJSB&ftS5*tl-!&3rr-i>X*I<!:* llflS5fc$#S(5*tl*CD 
lc-»lzj:yio»-*-«iBfc. fJlEKS4i:Mia«#gi5ttFa 

*■ agsu^s l. Mtern 1 rofi&r x^SBatfirfem 2 co 

BttaBl* gSffl'>*<i%lo$$|ffii«l8tS 
«frt5!4saiSIl**t«tFie«}#SB*t«i:0)rai-m 1 CDfcSfc*' x£ 

»'xa»«ru «E*i«>fi»*'aB»;fttfBEB2«> 
[0001 3 

[SBBBcoE-f-Stttfittif] *S6WI«i»-*<»K»fl)«aa 

aLB«»B«i=*4KW©fta#ttfc*tfcft*iSR"*" 

[0002] 

[ftJfecoBtfli] ¥BttASBBf=MU j&*a«IM:. 
jfc (TEOS-03 CVDf) ttt&LTffill&CDIS&lb. 7 



' dtt8fc0)4>fcl\ HDP-CVD (JSffiSr 7X*7CV 
D) A<jig$;h.TU-&j!><. Cfl)HDP-CVDT?liC(D 

HHI6»B<Dllflt LTtt, BBfcR iB«?i"v* 

[0003] il 6i:, SlfiSBtlgft (SftB-lblgcox 

RtP«'tEBiH*»-6ai=l*. S«SSI*6 0 0°Cifi« 
©BB*^±»Si*ttltfttf*&«i:l*»*<4«. X* W 

[0 0 0 4] ±i3g#l-**LT\ «e*SHBfr*>*t"Ct^-5 

[0 0 0 5] CC-C. ■ji/HSffifflfiSBffli'r •&*:«>«>«£ 
2ls&ffi<D«EfflS8liS <t MSA £ ifi^* . 
[0 0 0 6] *r. ttHWe-l 7 8 49fi8l:tt. 

» t BBB©>MP*Bfc ©«l=»»l**4B«>a*©lifc 

fcfcfcttBBttottttBSBt-iBB^asft-ct* 

So 

[0 0 0 7] ftBfl¥l 0-6 49 8 5fMt 

[ 0 O 0 8 ] ±IE*#I§ J P 9-1 7 8 49 #4*ffl|CfE«<D 

tcoi*. TtEcoBanA^fey. r w 7.mm»i=— bbb 

( 1 ) atra-e^b-rir 7^7fre>A8fttt©tti8&i=±fE 

ftSBCiEftSA)*.. B»»*ti:}WJl»fifc«)M©»e 

Jia^Mfi-r-SBifCfc***. b«. 

7' 7X- 7AS&SI=*tl£ U 7>«Ete<DE* $^<b $ 

A^yitLtv 

(2) HDP-CVD(OJ;5'oC'Ji/\-SD±"e<Dn , 9-SlS 
7b< -I OV»/Cm2|cfcJ:^<fc J 5'S^ , 9-ffiSt'S-St. ±12 

» 3»l*«BJ^<t y H L L x 0 

[OO 0 9] *#B8¥1 0-6 4 9 8 5#^«I=IB 

KCOtCOt. l^^irTKP«3Si^l=<fcy> r5X - 7A»ft. 
■Jin-BB BB £ - £SS Kfflrt i-«fli»-r £ 51* HI *fc t x 

[0010] 0) <7i/\-«asBS^ae ? ci:i-«)ii^, 

^^fc-ti-Sii^^&o-Ct. B?Ltf2 0 0°CfIB$ffi^ 

tL*7. cco*ateBS-et. Bfc*rs«-eBBi= 
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(2) ±IB,1^^pl!£<*^?')I<\-^<0A&/\• d p-c 

V D <J> <fc a 1= 1 0 W/Cm2f!J£tf) * # ti,\' O-ffiJS ic jif -5 

*<. seism icii^spv v»-;Knffia<7)$iiis^e,+»)%aja 
8ffltt^tf=ti-*i^sA<^y. (f*£+#*:£<fiifrf & 

(4) A8ftfi*<^^SJ>srl-^b-r-5r 5* 7«i3*{=*5l* 

-esutn-etttti*. 

[0 0 1 1 ] ^ggip2-1 3 5 7 5 3-94*4109* 

701=1*, fa*4t@fc£©p£{=#x£$A-r&fc«>09£ 
m*wjft s *t & 1 1 * i= , *a t na* t am i= a** 

[00 1 2] co&ttlcEttDttf?*. ±Efcmit0!>M 
[0 0 13] 

[l6B^A<p*u<fe5frSiSS] tt*Jft«0!>NHAf*± 

(1) t-*imS»B#, Rtfr 5X' Bf*£iJ*£<b-r£ 

AS&fii=*rc&LT, «^»*tt^*PSgra-eo+»i-i£ 
sa#flf©«i|-t3L*<&<bf -5. 

(2) $I/»-«#gB*f09*nj»affi*<tt;L(* 3 0 0°Cflffi£ 
iS;l-&*§*l=li. fttttttt&*S>0tt£i::. 
aflESJE^olfifcfctvDT?, 5fr£PfiMvf 09il®j(>< 2 O 0°C 

fii*»6tt4^aueitt:«i^ftyiHSL^ 

(3) 4x/Hn«S4<3 0 0'C8A£tt*.Sa6'C. H 
D P - C V D 09 «fc 5 9-S IS A< 1 O W/Cm2^g t & * 

Ea*»Tl\ $iA-©*Ba*#*©*&H**<SlSfl:*- 

(5) »a«nfsa©j»sfi36<**i^. B#/7Sii^gE<b 



Sit. MW»r fcfcS. 

[0014] *&Bm. ±tt&mmz%i8.L. mma® 
-tt^b«*-r*K«a®©aa^-tt$»mL. n 

[00 15] 

[OO 1 6] *58i!8©ffii©!|#fai*, ?RSSSI=«^*tl 

**a>asttBi=i3i*T. r 7X- 7«ttSB#i=, 8(11214*4©* 

'DSPfc <fctf*t-JB6lSfl9Sfi£ 5 O O ± 5 0°C*Mb 7 O O ± 

5 0 °c \ztm l t a * n 7L tz z. t 1= & a . 

[0 0 17] *$6BJ5©te©t#»l*, BttttBt=B!*$*i. 

»o!>»a«Bi=*si*-c, «rEa»&Bi*. smssit-f 

«a<D£ttBtt&tta*tttt£*LTlMa*iP£fT3 
l=l*j!tLTIE*«iJ(aiprfig*e8ft*- XB£B»<UI2J*Lfc 
[0 0 18] *f6BJJ©fl»l©i$«l*, R«ttBC:£i«$*i 

fcK*4oaffi$*jePLo^>. ttKM*m'Tasr«K 
s&©«#m*t;ff^£ff?^spsi5**<t£:frL., 85E& 

»©Bfl»*lWIBflll«ffl*ri=Klt*:Ctl=**. 
[0 0 19] *«6^<Dte<Dl*«(*, 

fcTOfflSSSWbo-3. KK»*r5V7*aar*K 
i'xM«MH-«feAa>ei**ttit. «natm*<fli» 

$jKfctt8S»=*J(t-5ll)IE«»fiSiWtli(rlBtt»t(Dlffll=m 

2 z^sp $ «$)«-r -s fc tf>© cagp $ fiffi«^gB*t 

[0020] *«B^a><6©^Stli. ME«S!t«©fi!»*- 
XSI*, »EK»«)*i&»4:*H«»ir»JSL-CRlt&4i 
fc'>«:<i:t,2-D©S**rLrfcy. flIE«t#g|!a>J8J£ 
Bft'»->i:(6CT. ISf^^SW^i-SJcol-StTE^S 

[002 1] *56B^©flk©!f#tSl*. K3tg®l=ffi^S4x 
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x^<DE*$i42:i;*ij^iL-c, m&tmzr k mm? 

[0 0 2 2] *S6Mlc<k4xtf. i4*4£^ST-SS^<D 

[0023] &m?zt#. 
©iiy-c-fe-s. 

(1) (Sfcg|5**<i:9i/\-&BRfl.. BftBtt&AttBttMl:: 

mz&i-ttzo 2 mm ni±o>®mz# 

StLfc ffljelf. -)i/v-4"J>SS, tt-m$ltl^ Zolzz® 
BrlcflBLfc. 

(2) ±E*-xm»K6ro^, &ft&tttX:&%>tttO>m\z 
ffi*8fitt$^f -5?ft3H* (WSJ*. AW^O'|>r¥) 

<©*nS6B#<DS»S:^S$#fllL. 

$ESL. 7in-SK»5Effiil«<i6i:0>BB£B*IL. 

(4) ±iE©i^ia^i:Lr. ^iM-affit«i#aj*tas 

(5) B*lf£WM-r«a. BttBtt 
MBI=B£«B«BB Lfc. 

(6) ±B. »J6««8roftftfcffi«*/h$ < gfi 

[0 0 2 4] (1) *BBI=J:tUi. JiBttB (1) $ 
SltifCioT, BttffittfcftSPBtt&OflaBB 

aBa>B£Bfta$tt«Bft<??Bl::&«. 

(2) ±Et#« (1) StRffl-«-*»l:j:oT, $w-B± 
a)a«^*-tt**fl:*■&■CL^*«lltt*l=el»rt• xK« 

7iA^a*«5-ii*fl±*i**»*«wtti:*:*. 

(3) ±E*#ffi (2) «»JH-r«»l=J:oT. BBt'xs 
«>#»l::»tttt©»tt(|:*ttB*- tuHMMPO) 

»*»{=j:*ewMKiiii"e©rx'M*i«jfe#. es»* 

(4) _tKt#S& (3) «S»t**i:J:or. 

(5) ±EBB (4) £Sfflt4fl:J:ot. MB 



&MMMmnn. js*i;«»»*fi:)MM»tMa>H« 

(6) JlE#® (5) JIfflt4$IO:-3t. &#gp*t 

(7) ±E*#St (6) £Bffi-4-SBl=J:oT. {£f#8lJ*f 

-tt « *± $ it « * a< oim t a « . 

[0 0 2 5] fcfc. *BBJJI*. *^fl:f©^i-(0*-ei5i: 

< bbbbbb. r 7X* 7i»f >r as, xn- 9 » a b«i= 

[0 0 2 6] 

[Bej3<DBB<D«&ffi] KIT. *SEfB<D3g;!ifcfl|£tftBJJ-r 

•So is 1 i**BK<Dm 1 omv&m&Ta?? w 7«!isa@ 

S&W(=LrlftB^-r^ 0 7'7*'7CVDBBtt. Sf6^2 
6ir, COTSJ5^2 6rtl=M*2 9««A.-4-«0£*& 
S27i, //KmiSS2 8<DlaiyirKBLfc*^ia5 3 
ot, st5^2 em=.f&mrx&mt6?&jri,3 3$i 

x.Tl*5. *fc. «^SB«2i:^aiS|5«-3T-^)S*4x^ 
Xa&IMtff79 4£ttX.-Clt«. KfUP*4in-lB«>A 

a&BBf*. «&sb#. xaBftB?f9»4c:*oTft*B 

BS*i*. 

[0027] t*mf«9SW5i*. ^iM-sftroaai^Dnia 

2I=*-TJ:5I=. »BfV7>«B»5<D>1.SI»l=l*«M*a)± 

•cl>^„ ^fc. rt«i]«)2-D<7)±¥a5ir < fcysi.mft79a® 

I*3<li9r (2A-2C) l-#B£*U €-±¥»l=/h*fc 

«<oxu7 h*<isit e> tir L^ -6 „ 

[0 0 2 8] «^g|i*t2rortgpl-(ijE. fifflO)2'7-Wqa 

«riuirti=-j6aaE*-c*a-r*. ftnfivmtts tnm 

B$ttTL««. l»B9t79B4f5 &»*ft79BB»B6a 

[0 0 2 9] »»W«3©M«I=I4. $HlIfl:lOffl(0 
^aSitlS 1 1 tH ej' XBBB 1 2 

[OO 3 0] 7M9Btr3(D±B-r<C^. &m®tt2M 
amiztt. E2lz^-r,J:5l=2oa)ei»A , ^fflSMl 

3A. 1 3 BA<sit&*trfcy. ftfiB*' ^Sfflfflffl 1 

3 A. 1 3Ba>ttttUf=(iMft1£ft<ftlW1£{t (BS. 
AWh>OV>»') 1 4/)<fi6fflSH-5. X. ^Jpffl!*r3 
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Jt<D$-tt£rS]±£l±6o BK 0 2<B«ri*>frffl6W 
3 <b±mtf¥&?5\Z\<»teft 2 fflfiflzEffl 6 *XT l*§0>^ 
"C**3b«. MRrlcfinrxXfHffillllrAtt* 

2<DTmt\z&v^ mm* 33b<»fii**i*o as#*& 

¥e*ffl£3fl»rf::|2«J** ftftlM* 

[003 1 ] R}#SiJ«2i:^aiffll»3ta)^f6»<oa. 
ftMl 7a, b**A/-C*S?»-C. ISt^o Kai2» 

[0032] 16 tt&wn? -a&tt7' p-7' -e fc y . ->ia- 

&mm icr*. Xa' ^lc<fe«*H«ft^ Lttl*J: 5 fc* 
rt"-2 5;6<K©£*i£o 
[003 3] *«9J-e±Ee»jr Xf13$2 *r&±<D 

3lC&« c ^l/\-^^2 0O°C-*t,7O0°C («^SJ*tT* 

a>a*4gK**t;) -caa-r***. hdp-cvdo 
*3tt»M'9-BaE («*tf 1 0W/Cm2) 
Qf<tLTS^1 0 0 0W/Cm2 - KKt±HRi&*-e&y . 
»«ft7>0)«*«»*3&<a*2 OTorraflfCfc«»t* 
^S«He<Djj'XHO)Jl^tt«I5 0/imSjSt 
$ ix« t ft £ **<i|uj 4 . 
[0 0 3 4] t-*|Ccfc«llDl»B*. r 7X'7AI»*<**»ft 
f*. AJSJa* *->-efttt0fiMIIU: t*>\zt!UhomVt\ztiL 

C*U*±KH e*' X^iS* 5 0/imfctt«LTJRa-C#« 

[0035] ztizmszm^x&iwrzo h 
/im-cfcofc35<. «^s?*ra>«aiEf^i3<fey. 0 4ic^-r 



a=&]1 1 0 0w/Cm2- K (H = 50p) 
a=Jfa 1 3 5 Ow/Cm2 • K (H = 3 O //m) 

[0 0 3 6] r»' 7A»A , 9-fiJSS- 1 0W/Cm2<t*r& 

AT=9 Ideg (H=50p) 
AT= 7 4deg (H=30p) 

<b*'bS$T*aSgl£9 1-7 4 = 1 7deg(Cft^ 0 o£ 
[003 7] S-ftftffiOftJ&A 1 Ht*0)SS±il(D^ 

[0 o 3 8] ^\-8®(0iaS»*l*±tTEa)BS*a 

( i ) aojBas-efcsr mm.^ 

( 3 ) &ft&tt&W 1 4xn-KBHa> H e *' 

( 4 ) jtfpircojMli:: £ SSft&rf 

( 5 ) £ 3fr»£Ma>#»r 

( 6 ) **PS t )MPMS4Ellia>IMftif 

( 7 ) mm w -w^cs^cD^isit 

( s ) M#M*4>amft9»*n' -^o>»aif 
(9) AttK-ea>tk»s»« 

Mi:><fl)WIBW*iJ, «a(ctt«t. t#lc 

a«»***s-ftt-*»ttSf*i=«L<«:*. a 

[0 0 3 9] i^TI^*^B^<DHtSffllCDi5iBJSjS(t4 0 B 
HCfc^T. SKa2 6fiffi^&itf«»a«2 7-e»A 
tfio ^0>0X29£03&a&28J:iJWAU #ftt 

aaK2 8(Diayf=E«Lfc*AatS3 oic^-secr 

3 2(D;A^3 3^t)«$&**l4ffllSjj , X^«J|i. ®S4L7 

*734$P a fli:^^4 0 
[0 0 4 0] «^gPi:^aiaJCOSfl4a5T?(^^$6^(D^. 

^"«*. 0'J>r tKMl 7 a, 17b^L@Jt 
[004 1] XI*. «f#aJ«<t^SP*t^CDfgft4®SS- 

[0042] 3fe77YA' -asw-7* a-r 1 ete^AMffW/ 

' 40^1, 3>h0-74 1 A, 4 1 Blzmt&ZtlZo - 



(7) 



*$Bfl 2002-9064 



aastt*ttii Het'iE.t m&mm& a t comm -* 

*<A***ifc7-f-KM # ^ISIB4 2l=A*. &le. ±I5A 
*f H ot' *Ea>4M#APl. AP2*tH ei'Xffi 

*3>hP-54 3ICA^I*tllS^H si'aE***!"*-*. 
H eft' *E*3:4Q-7 4 31*7X70-4 4 £E*)ft4 5 "CfllJS 
£*t& 0 H eft**!**'***^* 4 7fr&BS*L£:lM4 a 

[0 0 4 3] mx-H+ **r PtXlrfet^T, 

ffl) . *l/v-aj*«<b ( + . H eE4ja>&4b&H8 

ic^-To rw7AJSM=«fe hsu:**-*^ 
<ty*:£<fc£o 

[0044] U9|C^-Tcfc5fC % Hei'^SH^ 
2) . *i/i-aflE(*±*U oiMcl*l»*«BfHc±*-r 

[0 0 4 5] 3tt77^\"-ajStf^&a)a!l3ettt«»Lfc^ 
aJtffi<h<DJ±®£B 1 O0Xf7?1 0 2ir«TT7^-ri\ 
a ?»«W7lttK3t*U Xf7?1 0 4<DJt«l=feUT 

■TH«*y H orxBESPl ^6P2^*ft*1±, 7A7D-3> 
hn-7l=fflWLfcl*H eft* XS|g^fi|^A**r^o 
[0 0 4 6] CtlCct y % $in-a»*B8lC3F'rj:3l:: 

[0047] bi 11:, ±E**«f=*-r*»i»«aa« 

SI- * y)i/\- 1 |Z7' W 7C V Die d:«MAl«t«« 

«»»#-*tt«»Ma)* - 7ff* (*o«) pi. «f#s* 

*tM<z>*^E*P3. r?r?Ano2. ft&smo&iaa 
set-k ")iA-aaT2a)i»BB»nb**-r. #*<z>r77<o« 

Mil** BMB*«LTl**. «t*4-C^CttMlc^ttlS(i]C 
[0 0 4 8] (a) $ln-1ttB<Dr WvfflSm 

to~ti ibtpi . P2$ ois.moi£i)m~-tz>o t 1 -c 

«»»*t2 0>l:->8(=a«-r*»-C % Q1^!SfS4 

«»«»*<Jn»*3h,*o ^0)B*. P1. P2I*. 
Oifi^CDfc. BMSlctt^TJsy. **Pffittlcflftft<&lf 

B*mT?*a-c**. t 2-e^*jiffiD*-7h»-c«»« 

<fcoT. 41A-1 £«#ffitt2<D±(C«H*4 0 Mc*** 
ffi7|r7 # 7X. *fc(*7m<D«JE*BlRrL. 

«A*-*o t 2~t 3T?I*. JlO&Sft 



fi»tt»^*L < -jin-aMfci*** < % 

oic^a. c4xlco+tr«^flJ»(Da®ajeTi % $ia- 

aflET2i*. mi Kc*r*5i=«<<t*. 
[oo4 9] (b) ">i/v-ittaa>r7V7«ia 
t 5lc7 , 7r7jS^'T^o ii ilci*. -JiA-i^AJSftS 

■>in-o)«oia>fi.»tt-(?<Daas-si=«oa % «-&im' 
«<u 4"xicj:*»ea«»*«T**. oiA- 1 ©a 

U <HA-ffi±t?0>aS*S< L. 7* 7X* 7AIBW*a> l >in-B 

rta>aflt»#a>Js-tttiffj±aF**. ai=. 

au fc3*£i£i::<fcy. *i/v-ia±f=aft535a>»«* 

»fiK*-fr*o t 6IC7* 7X # 7*5H«*1i-4o -*vl*. //» 

a* 9-. rfa'9-. atm'^om\^»±^imvff 

5o zhlz&V^ 7 , 7X , 7Af^Q2(i. @1 1 IZTjz-f&O 
\Z&<J>L* dttlCO^XT. PI, P2. P3£St'>* 
0<t-r^o t7Wi/\-JB*L&t^v-W^i: 

[0050] (o 9u-2ttBa)r 7X"75a^mr 
t 7-t Tm\z±&tmci5mv<)ii\-i zmxr&o o 
ia — tkBaaa&Mtty. t-$tb*Q i'aRi=ft«- 
3Ea«*-c*a**tTi^*a)-e. Quy*sftin?+ 

[00 5 1] (d) •)lA-2ftiCD7' 77*7^31 

[0052] ±EI*. «)ia-i 2 XE* 
SJin- 1 |C«fc oTJ^JS^ *t* 2 ^^^(D^* ^ 

xaWc«b*«*il«i:Jtt»3b<»6tt*. Bi 
1 ic^-r^ XE^I P 1 . P2. P3tl*6<, 

na»ot-»8a)*iia*. Mtt^6a>4XA-aa«:7Y- 
r/M)Lt, aKa«ftib$«xtiRii:tta«w&*t 
^ 0 ±Ktmctomt+ i oo>aa. ss 

[0053] »ai«n*i o<Dajs-e. jft»»«3(oas 
-e#. **naEB-eo)KaflE*J6<b*ii'*i*a)-c. Bt< 

[0054] en» AE^I PK P 2 % P 3 /)<-ST: 

±iBi:Hii:<«)iA-aflt»*tfc*-3ettrti=»i»r 
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»>ia- 1 t ftfeff ft 2 0)k m Jffi* « MMMSlcfcfc $ ti-fc 
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